Background: Health promotion for the elderly mainly targets improvements in physical function, and a lack of strengthening of subjective well-being as well as the creation of interaction-providing opportunities for activity and participation has been reported. Evaluations of positive and negative aspects for subjective well-being are needed. Elderly subjects were intervened through a 6-month complex-type program combining amusement and exercise and its influences on subjective well-being and physical and physiological functions were investigated. Methods: Subjects in this survey were 37 healthy elderly females living in M city, Hiroshima Prefecture (age: 69.7 ± 5.9 years old), and the survey was performed between September 2016 and March 2017. The complex-type program comprised amusement and exercise programs. The survey was performed at 4 time points during the intervention period: before the intervention and 1, 3, and 6 months during the intervention. Subjective well-being (Japanese version of the Subjective Well-being Inventory (SUBI): Mental health scores, Mental fatigue scores), salivary amylase Regarding the duration of the intervention as a factor, changes in salivary amylase levels were analyzed using repeated measures one-way ANOVA and SUBI was tested using the Friedman test (EZR Ver 1.32). In addition, the relationship between the locomotive syndrome risk level and duration of the intervention was examined using Fisher's test. Results: SUBI and the locomotive syndrome risk level significantly differed with time during the intervention. Slight changes were observed in salivary amylase levels during the intervention. Conclusion: The present results suggest that the complex-type program promoted interactions among community-dwelling elderly subjects and positively influenced the maintenance of and improvements in physical and physiological functions. These changes may be associated with favorable influences on the positive and negative aspects of subjective well-being.
Introduction
Japan has one of the longest average life spans and healthy life expectancies in the world. The difference between the average life span and healthy life expectancy did not decrease for approximately 12 years between 2001 and 2013 [1] .
The Ministry of Health, Labor, and Welfare stated that the maintenance of functions to preserve a social life is important for promoting health and extending the healthy life expectancy of the elderly, and also that the strengthening of measures that focus on the psychological and social aspects of health, such as subjective health, subjective well-being, and life satisfaction, in addition to physical aspects is needed for the elderly [2] . The involvement of periodic exercise and physical activity in the physical function [3] [4] [5] and subjective health [6] [7] of the elderly and their contribution to social aspects [8] [9] have already been reported. However, McAuley & Rudolph reviewed 38 studies and reported no consistent effects of exercise on mental health [10] . They found that many studies focused on negative psychological aspects, such as depression and anxiety, rather than positive psychological aspects, including well-being and life satisfaction, and suggested that participation in exercise and physical activity is associated with improvements in subjective well-being, whereas physical strength is not. Larson showed that subjective well-being is the most strongly related to subjective health, and also that subjective well-being and life satisfaction are closely associated with the health of the elderly [11] . McAuley et al. investigated the roles of participation in physical activity and social support in the subjective well-being of the elderly, and the findings obtained suggested that the social relationship essential for an exercise environment is an important determinant of the subjective well-being of the elderly [12] . Therefore, previous health promo- License The use of amusement devices has been attracting attention because an interaction is created and a "pleasant stimulation" evokes positive emotions, which improve motivation and activeness and promote positivity. The influence of these devices on improvements in motor function and the activation of communication have been reported [14] [15] [16] [17] [18] . However, participants subjectively evaluated whether "it was a pleasant stimulation" in many of these studies, whereas an objective evaluation using physiological function has not yet been performed. We previously reported that active responses were promoted by interactions through amusement at a day care service center using salivary amylase levels as a physiological index [19] . Based on these findings, we considered it possible to prepare a health promotion program for the elderly that is effective for psychological aspects by combining interactions and exercise through amusement.
In the present study, the influence of continuous participation in a complex-type program combining interactions and exercise through amusement on subjective well-being was investigated from the positive and negative aspects of subjective well-being in community-dwelling elderly subjects using the "Japanese version of the Subjective Well-being Inventory (SUBI)" [20] [21] . Furthermore, the influence of the complex-type program on physiological function was investigated using salivary amylase levels, while its effects on physical function were examined using the locomotive syndrome risk test.
Materials and Methods

Subjects
Subjects were healthy elderly females living in M city, Hiroshima Prefecture, who voluntarily applied to the public recruitment notice for participation in the present study. Forty-seven subjects gave consent after an explanation of the study content and method and forty-six did not conflict with the exclusion criteria described below. Thirty-seven subjects (69.7 ± 5.9 years old) continuously participated in the complex-type program twice weekly and physical strength measurements and saliva collection were conducted. These subjects were included in the analysis. The sample size was found from the changes in salivary amylase levels to a minimum of twenty-six people (limit of error: 120 kIU/L， standard deviation: 300 kIU/L, confidence interval: 95%). Therefore, thirty-seven subjects in this study were sufficient for data analysis.
Exclusion criteria 1) Mental diseases, such as depression. 
Complex-Type Program
A facility for the amusement/exercise complex program (facility) was prepared in M city, Hiroshima Prefecture. The complex-type program comprised amusement and exercise programs. In the amusement program, blackjack and darts were prepared and always performed. In the exercise program, 6 exercise devices were prepared and an exercise menu was individually prepared for subjects. all group members completed throwing. They competed for the total score of the 6 darts thrown in 2 trials. The score was added for the double band (outer ring) and triple band (inner ring) on the dart board at the odds of the normal rule. Since many subjects had never played darts before, instructions on how to throw darts were provided at the beginning of its introduction.
3) Exercise program Vital checks and the confirmation of the physical condition of subjects were performed by nurses before and after the program to adjust the exercise menu. The exercise program was performed under supervision by one occupational therapist and 3 health fitness programmers. The exercise menu, such as the combination of machines, was prepared to correspond to an individual's condition by the occupational therapist and health fitness programmer. Approximately 10 minutes of aerobic exercise using a treadmill (ADVENTURE 1, Johnson Health Tech Japan Co., Ltd.), upright bike (Comfort 7, Johnson Health Tech Japan Co., Ltd.), recumbent bike (COMFORT R, Johnson Health Tech Japan Co., Ltd.), or cross trainer (ANDES 3, Johnson Health Tech Japan Co., Ltd.), approximately 10 minutes on a whole-body vibration machine (Crazy Fitness, RONNE JAPAN, Inc.), resistance exercise using an abdominal muscle exercise machine (wondercore 2, OAK LAWN MARKETING. INC.), and stretching using 4 types of dynamic stretching machines for approximately 10 minutes in total (Shoulder Elevation (smart Type), Chest Extension (smart Type), Adductor Open Journal of Preventive Medicine Extension (smart Type), and Hip Flex (smart Type); ZERO (Initialize Inc.) were performed.
Survey Items
The survey was performed at 4 time points during the intervention period between September 2016 and March 2017: Before the intervention in September 2016 and 1, 3, and 6 months after the initiation of the intervention in October 2016, December 2017, and March 2017, respectively. A survey measurement day was set on a day other than the days with the complex program at each time point using a questionnaire and motor function evaluation. In addition, saliva was collected before and after the complex-type program at each time point and salivary amylase levels were measured.
1) Questionnaire
The "Japanese version of the Subjective Well-being Inventory (SUBI)" [20] [21] translated from the "The Subjective Well-being Inventory (SUBI)" [22] developed by the World Health Organization (WHO) to measure subjective well-being was used. In the measurement of subjective well-being, life satisfaction is used as an index of the cognitive aspect and positive and negative emotions are investigated as emotional indices [11] [13] . SUBI was employed to measure subjective well-being from psychological, physical, and social aspects [20] [21] [22] . The scale was comprised of 2 axes: "Positive affect" and "Negative affect", and positive and negative emotions were evaluated as "Mental health scores" and "Mental fatigue scores", respectively. There were 40 questions and replies were provided through the following 3-grade evaluation: "I strongly think so", "I think so to some extent", and "I do not think so very much".
2) Measurement of changes in salivary amylase levels Saliva was collected before the warm-up program and after the amusement and exercise programs. Saliva samples were collected by holding a Salimetrics Oral Swab (Salimetrics LLC) in the mouth for 3 minutes (maximum of 5 minutes). After sampling, the swab was centrifuged at 3500 rpm for 15 minutes and saliva was recovered and frozen. The BG5 PNP method (meeting JCCLS) was used. Since individual variations in amylase levels were previously reported to be large [23] , changes in salivary amylase levels from before the introduction of the complex-type program were calculated at each time point.
3) Evaluation of physical function
In the evaluation of physical function, the locomotive syndrome risk test proposed by the Japanese Orthopaedic Association in 2007 was used to survey motor impairment and locomotor dysfunction [24] . The locomotive syndrome risk test is comprised of a two-step test [25] , stand-up test [25] , and 25-question risk assessment [25] [26].
The locomotive syndrome risk level was judged based on the results of these 3 tests [25] . There were 2 risk levels, as shown below: A 25-question risk assessment score ≥ 7.
• Risk level 2: The reduction in locomotive function has progressed. Two-step test score < 1.1.
Difficulty with standing from a 20-cm-high seat using both legs in the stand-up test.
A 25-question risk assessment score ≥ 16.
Data Analysis
The duration of the intervention (before the intervention and 1, 3, and 6 months after the initiation of the intervention) was regarded as a factor, and mental health scores, mental fatigue scores, changes in salivary amylase levels, two-step test scores, and 25-question risk assessment scores were regarded as dependent variables. Regarding the confirmation of the normality of changes in salivary amylase levels and two-step test scores, the Kolmogorov-Smirnov test, a histogram, and QQ plot were used. Since the normality of changes in salivary amylase levels and two-step test scores was confirmed, the mean and standard deviation were calculated and subjected to a repeated measures one-way ANOVA. When sphericity was negative in Mauchly's test of sphericity, the p-value was adjusted using the Greenhouse-Geisser method (GG-adjusted value). Regarding mental health scores, mental fatigue scores, and 25-question risk assessment scores, the median and first and third quartiles were obtained and analyzed using the Friedman test. The Bonferroni method was used for multiple comparisons. Statistical analyses were performed using EZR Ver. 1.32 [27] and the significance level was set at p < 0.05. In the stand-up test (stand up on one leg: either leg) and locomotive syndrome risk level, the relationship with the duration of the intervention was investigated using Fisher's test.
Results
Subjects
The subjects were thirty-seven elderly women (69.7 ± 5.9 years old; range: 60 to 81 years old, height 152.7 ± 4.7 cm, body weight 52.2 ± 6.4 kg). Their physical measurements were similar to the mean values for the representative national population [28] . All subjects were ADL independent, Barthel Index (BI) score [29] was 100 points (full mark). The MMSE [30] score was 29.1 ± 1.6 points. Also, there was no one with 23 points or less [31] . The Japanese version of the Kessler Psychological Distress Scale (K6) [32] was 3.5 ± 3.5 points. There were two subjects with 10 or more points, but they were not diagnosed with mental diseases by doctors ( 
Questionnaire
Significant differences were noted in the means of SUBI mental health and 
Changes in Salivary Amylase Levels
The mean change in salivary amylase levels was not significantly different among the intervention time points (Figure 2(c) ). Slight changes were observed in salivary amylase levels in the repeated measures ANOVA (GG-adjusted, p-value of 0.065), and these changes decreased as the duration of the intervention increased.
Motor Function
Significant differences were noted in the mean two-step test and 25-question risk assessment scores among the intervention time points. Two-step test scores were significantly higher 1 month (1.42 ± 0.14), 3 months (1.49 ± 0.11), and 6 months (1.52 ± 0.13) after the initiation of the intervention than before the intervention (1.33 ± 0.15) (Figure 3(a) ). They were also significantly higher at 3 and 6 Setting the cut-off value at the locomotive syndrome risk level, the number of subjects able to stand up on the stand-up test (stand up on both legs) was investigated. All subjects exhibited the ability to stand up from a 20-cm or lower step before the intervention (Table 2(a) ). Setting the cut-off value at the locomotive syndrome risk level, stand-up test results (stand up on one leg: either leg) were evaluated as described above. An association was observed with the duration of the intervention in Fisher's test (p = 0.059) ( Table 2 (b)), while a correlation was observed between the locomotive syndrome risk level and duration of the intervention (Table 3 ). Table 2 . Relationship between stand-up test results (both legs, one leg: either leg) and the duration of the intervention (n = 37): The cut-off value was set at the locomotive syndrome risk level. Table 3 . Relationship between the number of subjects meeting the locomotive syndrome risk level and the duration of the intervention (n = 37).
Before the intervention
After the intervention for 1 month
After the intervention for 3 months
After the intervention for 6 months 
Discussion
Community-dwelling elderly subjects were intervened through a complex-type program comprising amusement and exercise for 6 months, and the influence of continued participation in the complex-type program on subjective well-being was evaluated using SUBI. Mean mental health and mental fatigue scores representing the positive and negative aspects of subjective well-being, respectively, correlated with the duration of the intervention. Mental health scores were significantly higher after the intervention for 1, 3, and 6 months than before the intervention, showing a favorable influence from 1 month after the initiation of the program. Physical function also correlated with the duration of the intervention, and an improvement was noted from 1 month. Previous studies demonstrated that improvements in physical function by aerobic exercise increased self-efficacy [33] [34], which may have led to a sense of accomplishment and self-confidence in carrying out the program, thereby influencing mental health scores. Mental fatigue scores were significantly higher after 3 and 6 months of the intervention than before the intervention as well as at 6 months than at 1 month, showing a positive influence from 3 months of the intervention. Yasunaga et al. examined the influence of an exercise habit on subjective well-being and clarified that the direct effect of the exercise habit was the maintenance of ADL, which preserved favorable subjective health, thereby indirectly influencing subjective well-being [35] . McAuley & Rudolph reviewed previous studies and suggested that the duration of the program affected the findings of studies in which a favorable association was noted between exercise and mental health, indicating that mental health improved as the duration of the program increased [10] . These findings demonstrate that more time is needed for effects to appear as changes in mental fatigue scores than changes in mental health scores. Previous studies also suggested that improvements in subjective well-being are influenced by participation in physical activity, social support, and social relationships, but not by the direct effects of improvements in physical strength and physical function [10] [12] [35] [36] . Therefore, interventions through the amusement/exercise complex program not only improved physical function, social support and human relationships were created, i.e., social participation and support may have been promoted by continuously participating in the complex-type program, which may have led to improvements in physical function and human relationships, thereby improving the mental health and mental fatigue scores of subjective well-being.
The physiological index, amylase levels, was measured to investigate the comfort of subjects performing the program. An association was observed between mean changes in salivary amylase levels and the duration of the intervention (p = 0.065), and this relationship was weaker than that before the intervention. changes, such as reductions in negative emotions and improvements in mood, and psychological changes contributed to reducing salivary amylase activity [39] . We previously suggested that an active response based on amylase activity was promoted by interactions through amusement in elderly day care services and subjects felt comfortable with communicating with others through amusement [19] . In the complex-type program employed in the present study, subjects participated in individual exercise programs and blackjack as an amusement program. They may have gradually got close to each other by interactions through blackjack and formed new relationships with others, which may have been pleasant [19] . Therefore, salivary amylase levels slightly decreased, indicating that the amusement/exercise complex program was enjoyable.
The locomotive syndrome risk test (the stand-up test, two-step test, and 25-question risk assessment) was employed as a physical function index. An association was noted between the locomotive syndrome risk level and duration of the intervention, suggesting that the number of subjects with a low or no locomotive syndrome risk level increased as the duration of the intervention became longer. Kitada et al. suggested that a high physical activity level leads to a decrease in the locomotive syndrome risk [40] . McAuley et al. [12] investigated the roles of participation in physical activity and social support in the subjective well-being of the elderly and suggested that the social relationship essential for the exercise environment is an important determinant of subjective well-being in the elderly. An environment enabling periodic social participation, not an environment for simply performing aerobic exercise, was provided to subjects in order to promote interactions with others; therefore, subjects actively participated in the exercise program and their physical function may have more effectively improved. The results of the present study were similar to these findings: the exercise program may have improved lower limb muscular strength and contributed to the maintenance of and improvements in locomotive function including balance ability and subjective health. In addition, previous studies reported that locomotive function and subjective health were associated with survival [41] [42]. The amusement/exercise complex program of the present study may contribute to the maintenance of and extension of healthy life expectancy.
There were limitations in the present study. Subjects were healthy elderly individuals who voluntarily applied to the public recruitment notice for participation in the study, showing that they were highly health-conscious in daily life. Accordingly, their subjective well-being was already high to some extent before the intervention. Moreover, subjects were limited to females in a region and no control group was set. Therefore, there may be an issue with the generalization of the study results. However, a correlation was observed with the duration of the intervention despite subjective well-being being high, newly suggesting that the program had a favorable influence on subjective well-being, for which it was previously difficult to acquire an effect. Regarding future tasks, studies setting a control group and including male subjects need to be performed. 
Conclusion
The amusement/exercise complex program employed in the present study led to interactions between community-dwelling elderly subjects, the maintenance of and improvements in physical function, the centering of lower limb function, and a favorable influence on physiological function. These effects may subsequently have had a favorable influence on positive and negative aspects of subjective well-being.
